This paper empirically investigates the development of cross-country differences in energy-and labour productivity. The analysis is performed at a detailed sectoral level for 14 OECD countries, covering the period 1970-1997. A r-convergence analysis reveals that the development over time of the cross-country variation in productivity performance differs across sectors as well as across different levels of aggregation. Both patterns of convergence as well as divergence are found. Cross-country variation of productivity levels is typically larger for energy than for labour. A b-convergence analysis provides support for the hypothesis that in most sectors lagging countries tend to catch up with technological leaders, in particular in terms of energy productivity. Moreover, the results show that convergence is conditional, meaning that productivity levels converge to country-specific steady states. Energy prices and wages are shown to positively affect energy-and labour-productivity growth, respectively. We also find evidence for the importance of economies of scale, whereas the investment share, openness and specialization play only a modest role in explaining cross-country variation in energy-and labour-productivity growth.
Introduction
Over the last decades increasing attention is paid to the role of energy in production processes and to its importance for economic growth. Energy consumption is, however, also an important source of greenhouse gas emissions. Most governments in OECD countries explicitly recognize the need for sustainable development and aim at a decoupling of economic growth and environmental pressure. In a more operational sense, this underlines the importance of sustained growth of both labour-and energy productivity. Productivity growth is thought to be determined not only by country-specific characteristics, such as investments and factor prices, but also by developments in the outside world. Therefore, an important issue in understanding long-run productivity performance is whether the process of economic growth tends to involve reductions in productivity differences among countries, for example, due to diminishing returns to capital accumulation or technology transfers. In this paper we explore differences in energy productivity across countries and across sectors, and compare them with differences in labour productivity. Are these differences decreasing, or is the gap between leading and backward countries getting larger? Are patterns of energy-productivity similar to those of labour-productivity convergence? Do relatively inefficient countries catch-up with technological 'leaders' in a globalizing world? And if so, how quickly and by what means? We aim to answer these questions by simultaneously carrying out an empirical analysis of cross-country energy-and labour-productivity convergence at a detailed sector level, using a new dataset that merges energy data and economic data for 13 sectors and 14 OECD countries, covering the period 1970-1997.
In several respects, our paper differs from previous empirical research on cross-country productivity convergence. It extends the empirical macroeconomic convergence literature to energy-productivity developments (see also Miketa and Mulder 2005, for a complementary paper 1 ). In spite of many existing cross-country studies on energy-productivity or energy-intensity developments and its determinants (for example Howarth et al. 1991; Miketa 2001; Schipper and Meyers 1992; Unander et al. 1999; Mulder and de Groot 2003a) , systematic analyses of convergence from a macroeconomic perspective are rare. Hence, we add to the existing literature a systematic comparison of energy-and labour-productivity convergence, whereby the latter mainly serves as a point of reference for our analysis of energy-productivity convergence. Furthermore, we do so at a detailed sectoral level. By looking at cross-country convergence patterns within sectors, our analysis differs from virtually all convergence studies in the empirical growth literature, since they employ aggregate data. Important exceptions are sectoral studies by Dollar and Wolff (1988, 1993) and Bernard and Jones (1996a, b) who -using (partly) the same data source as we do (OECD's ISDB) -conclude that a convergence analysis of aggregate productivity levels masks substantial differences at the sectoral level. An important underlying reason for this result is that productivity levels, measured as the ratio of value added over a unit of input (viz. energy and labour), can substantially differ among sectors because some activities require inherently more capital, higher labour skills and/or technology than others. Aggregate productivity trends are therefore not directly attributable to technological change in individual sectors, as they can also be the result of changes in the distribution of production factors among sectors. Our sectoral approach corrects for most of the impact of such changes in the structure of production on aggregate productivity developments and, hence, establishes a closer link to issues concerning international convergence of technology driven productivity
